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INTRODUCTION 

GENERAL INFORMATION 

The types of electrically initiated electroexplosive devices are; the hot 

wire (or hot bridge), exploding bridgewire (EBW), and carbon bridge. These 

devices are used to detonate warheads, initiate rocket motors, separate stages, 

ejection of bombs and rockets. Some devices are initiated mechanically, 

especially for crew ejection systems. 

The most common electroexplosive device (EED) is the hot bridge type (BW). 

Therefore, most of the information contained in the report will be confined 

to bridgewire (BW) type EED's. This device primarily consists of resistance 

wire, primary explosive, secondary explosive, container, and lead wires. 

The resistance wire or bridgewire may be a Platinum-Iridium wire or Evanohm 

wire. The dimensions are in the order of 0.001" in diameter by 0.06" long. 

Evanohm, manufactured by the Wilbur B. Driver Company, is a specially alloyed 

and processed nickel-chrome metal with the following typical analysis: Ni 

74.50%, Cr 20.00?^, Al 2.75%, and Cu 2.75%. Although it does not readily 

soft solder, Evanohm may be welded or brazed successfully. Its maximum 

recommended working temperature is 300oC and the temperature coefficient 

of resistance can be maintained at 20ppm per 0C over a temperature range of 

minus 50oC to plus 100oC. 

The resistance wire is heated by virtue of current through it. When the 

wire reaches a sufficiently high temperature (approximately 300oC), the 

primary explosive deflagrates but within a few milliseconds or less det- 

onates. This shock wave energy causes detonation of the secondary explosive. 

'■"■'■■ "-A f", '■ . .■ ■. . .. ■ if.    '•   ■:--:■  



Lead Azide and Lead styphnate are the most commonly used primary explosives. 

They are sensitive explosives with explosion temperatures of 340oC and 2820C 

respectively. Secondary explosives are less sensitive. They will not det- 

onate when subjected to a hot wire, friction, spark or flame as will a pri- 

mary explosive. Several of the secondary explosives commonly used are: 

PETN (Pentaerythritol tetranitrate), TNT (Trinitrotoluene), RDX (Cyclothi- 

methylenetrinitromine), and TETRYL (Trinithophenylemethylnithamine). 

Further important properties of primary and secondary explosives disclosed 

by a differential thermal analysis indicates that virtually no important 

phase changes occur to primary explosives as temperature is increased to 

detonation. However, secondary explosives usually undergo significant 

phase changes. This is evident in that primary explosives generally pro- 

ceed rapidly to detonation as heat is applied slowly whereas secondary ex- 

plosives often pass through a melting or decomposition phase after which 

initiation is much more difficult. Therefore, dudding of primary explosives 

is far less likeiy than dudding of secondary explosives. 

Undesirable Modes of Ignition 

Undesirable modes of ignition which may be primarily attributed to physical 

deficiencies of the EED construction, primary explosives, and conductive mix 

or metal additives to the explosives are: radio frequency (RF) enery cap- 

tured by the leads, which heats the bridgewire to its ignition temperature, 

high potential differences between BW or lead and the case, sufficient to 

cause voltage breakdown and a resultant arc initiation, conduction of cur- 

rent from the bridgewire or header posts directly through the explosive 

■.M, .■■..-a ■..::-:!.;,;■.; .■i::i«i:.,,Wl.i:rf^lA; 



mixture, and cook off from heating of the case or the dielectric plug in 

1 
which the lead wires are formed to ignition temperature. 

Nondestructive Tests and Their Significance 

Considering the undesirable modes of ignition stated above, it is recom- 

mended that 1001 nondestructive screening tests be performed to weed out 

faulty units. The following tests are recommended: 

1. Transient Pulse Test 

This test requires that the bridgewire form one arm of a 

wheatstone bridge. A step current waveform is applied to 

the bridge circuit. This pulse must be small enough to 

avoid firing or degrading of the EED, however large enough 

for meaningful electrothermal response. The resistance 

wire used for the bridge has a particular temperature co- 

efficient of resistance and hence, as it heats, unbalance 

of the bridge occurs, which results in an error voltage to 

develop across the bridgewire terminals. This error volt- 

age, which can be related to the temperature rise in the 

bridgewire, may be observed on an oscilloscope display. 

The instrumentation also allows a qualitative measurement 

of thermal conductance, thermal time constant, and cold 

3 
bridgewire resistance.  Abnormalities of the oscilloscope 

trace may result from poor welds, BW movement, and air gaps 

between BW and explosive. 
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2. Thermal Time Constant 

It is important to evaluate the thermal time constants of 

EED's, particularly when considering pulsed RF fields, for 

example, a single radar pulse may not deliver sufficient 

energy to fire an EED. However, subsequent pulses may in- 

duce thermal stacking such that firing could occur. This 

depends on the thermal time constant of the EED and the 

radar pulse repetition frequency (PRF). That is, if the 

PRF<< 1 where T is the thermal time constant, then thermal 

stacking will not occur. Obviously, total time exposure 

to the radar field is important. 

The relationships for heating and cooling thermal time 

constants are given below: 

T   =   C p Heating thermal  time constant 

Y-I2R0a 

T'= C p Cooling thermal  time constant 

where   C   = heat capacity of a lumped composite system 
p     watt sec/0C 

Y   = heat loss watt/0C 

R0 = resistance of (BW) at 250C 

a   = temperature coefficient of resistance of the 
BW material 

I    = current through the BW in amperes 

■"•*'■--— •■- - ■.-,...■.  



Example - For the Mk 1 Mod 0 squib C = 2.4p watt sec/0C, 

Y = 600uW/oC, x' = 4MS 
1 

Electrothermal Follow 

A 10Hz sinusoidal current is applied to a self-balancing 

wheatstone bridge which permits the EED to be taken through 

a thermal cycle. The temperature excursion can be con- 

trolled and the BW error signal may be displayed on an 

oscilloscope. Heating curves shown in Figure 1 are typical 

waveforms of three groups of EED's. Groups A and B were 

both single BW designs, from different manufacturers; 

group C was a dual BW design. The waveforms illustrate 

how BW heating unbalances the wheatstone bridge in a 

4 
cyclic manner producing a lissajous figure.  This test 

is qualitative in nature and is best applied as a gross 

3 
Inspection tool. 

Note, group C displayed nonohmic nonlinear responses in- 

dicative of poor BW welds and variations in intimacy of 

5 
contact between the bndgewire and pyrotechnic mixture. 
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Transient Pulse Electrothermal Follow 
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Fig. 1 Heating curves produced during nondestructive 
tests of EED's. 
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4. Recommended Environmental Screening Tests 

The nondestructive tests discussed above should be taken 

preceding and following each environmental test listed 

below: 

a. Vibration test consisting of 6 sinusoidal 

vibration scans starting at lOgs with 10g in- 

tervals from 8 to 2000Hz applied to each of 3 

orthogonal axes of the EED's. 

b. Thermal shock test from +1210C to -1960C. 

c. Hot and cold storage test at +1210C and -1960C 

for one week. 

- 

Destructive Tests and Their Significance 

Sensitivity and output of EED's may be determined by destructive tests. 

Instrumentation to initiate and deliver energy in an impulsive manner by 

controlling pulse width and amplitude, has been developed. Calculation of 

the total energy delivered and a visual display of the bridgewire behavior 

is accomplished by monitoring the pulse. The power supply generating the 

impulsive waveform is referred to as the half-sine-wave pulser.  A measure 

of the output may be obtained by using a calibrated aluminum honeycomb ele- 

ment crushed in a controlled manner, and by measuring the reduction in the 

length of the element. 

Other pertinent information determined by destructive tests are energy to 

adiabatically fire, time to bridgewire burnout, time to end-seal rupture, 
3 

total work, and peak pressure. 



Summary of Tests Performed by LASL 

Direct current no-fire, mean fire, and all fire levels can be used qualita- 

tively as estimates for RF sensitivities. In general, RF power required 

for firing, at the most susceptible frequencies exceed those of the cor- 

responding DC levels. 

FED No. 
Types Tested 

1. MK 1 Mod 0 55 

2. MK 2 Mod 0 30 

3. MK 71 30 

4. GG20D3 30 

5. E-81 30 

6. E-108 30 

7. E-106 30 

8. SEM 30 

9. ARD-863-1 5 

10. MK 125 Mod 0 5 

11. CCU-l/B 30 

12. OM 351C 30 

13. NEI-11 30 

14. BA79E0 30 

15. D74B1 30 

16. T24E1 30 

DC No-fire 
Current (amps) 

0.23 

1.36 

0.094 

0.101 

0.310 

0.442 

0.352 

0.147 

0.350 

1.27 

1.42 

0.416 

DC Median 
firing 
(amps) 

0.259 

1.44 

0.144 

0.127 

0.386 

0.533 

0.383 

0.169 

0.850 

1.57 

1.67 

0.467 

1.00 (1.46)* 1.55 

0.135 

0.197 

0.163 

0.217 

0.050(.067)* 0.080 

DC all- 
fire current (amps) 

0.292 

1.52 

0.220 

0.159 

0.481 

0.644 

0.416 

0.195 

1.60 

1.88 

1.91 

0.524 

1.65 

0.198 

0.238 

0.095 

The no-fire and all-fire values were extrapolated from data to 

0.995 reliability (±2.58a) and 95% confidence level. 

The no-fire criteria used is DC one ampere/one watt for 5 minutes. 

♦Dudding likely if the lower value is exceeded. 

For types ARD-863-1 and MK 125 Mod 0, the electrical characteristics 

were taken for T.O. 11-1-34 and NWL report respectively. 

10 
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EED 
Types 

1. MK 1 Mod 0 

2. MK 2 Mod 0 

3. MK 71 

4. GG20D3 

5. E-81 

6. E-108 

7. E-106 

8. SEM 

9. ARD-863-1 

10. MK 125 Mod 0 

11. CCU-l/B 

12. OM 351C 

13. NEI-11 

14. BA79E0 

15. D74B1 

16. T24E1 

Normal BW  DC no-fire power 
Res, (ohms) (watts) = I ^R 

1 ± 0.1 

0.18 ± 0.02 

5 ± 1.7 

7 ± 0.5 

1.2 ± 0.3 

0.48 ± 0.14 

0.44 ± 0.26 

2 ± 0.12 

1.25 ± 0.3 

1.1 ± 0.1 

1.1 ± 0.1 

1 ± 0.2 

1 ± 0.1 

4.5 ± 0.5 

1.8 ± 0.5 

3.5 ± 1.5 

0.53 

0.333 

0.044 

0.120 

0.062 

0.094 

0.070 

0.043 

2.218 

1.774 

0.122 

0.173 

1.000 

0.73 

0.082 

0.008 

**ss cw 
field 

20v/m 

100v/m 

30v/m 

30v/m 

50v/m 

50v/in 

130v/m 

170v/m 

130v/m 

250v/m 

60v/m 

160v/m 

27v/ni 

30v/m 

20v/ni 

Equivalent 
power density 

2 
watts/m 

1 

26.5 

2.5 

2.5 

6.6 

6.6 

45 

75 

45 

160 

10 

70 

1.9 

2.5 

1 

**Assuming perfect dipole coupling and 50 ohm source impedance, 

the EED's near its mean firing level in a steady state field. 

EED 
Types 

1. MK 1 Mod 0 

2. MK 2 Mod 0 

3. MK 71 

4. GG20D3 

5. E-81 

6. E-108 

Most susceptible 
frequency (MHz) 

550 

450 

750 

400 to 500 

400 to 500 

420 

Type of BW (Bridqewire) 

Platinum-Iridium 0.001 Dia by 0.60" long 

Platinum-Iridium (80-20) .002" by 0.60" 

long 

Nominal resistance 4-6n 

11 
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EED 
Types 

7. E-106 

8. SEM 

9. ARD-863-1 

10. MK 125 Mod 0 

n. CCU-l/B 
12. OM 351C 

13. NEI-ll 

14. BA79E0 

15. D74B1 

16. T24E1 

EED 
Types 

1. MK 1 Mod 0 

2. MK 2 Mod 0 

3. MK 71 

4. GG20D3 

5. E-81 

1 6. E-108 

7. E-106 

8. SEM 

i 

9. ARD-863-1 

10. MK 125 Mod 0 
i 11. CCU-l/B 

1 12. OM 351C 

1 
13. NEI-ll 

Most susceptible 
frequency (MHz) 

1000 

1250 

850 

1400 

500 

400 to 500 

400 

450 

550 

Thermal Time Constant 
(MS at no fire current level) 

4 

10 

1 

Type of BW (Bridgewire) 

Center pin to case ground 

Center pin to case ground 

Sigmund Cohn No. 479 (C.P. to case ground) 

Nichrome per QQ-R-175 Comp D 

Karma Wire 

7.5 

9.0 

4.0 

4.0 

10.0 

18.5 

13 

5 

5 

Dielectric 
with standing voltage 

3000VDC for 5 sec. 

3000VDC for 5 sec. 

1800V for 5 sec. fired at 

2000V 

2000V for 5 sec. fired at 

2100V 

3000V for 5 sec. fired at 

3100V 

3000V for 5 sec. 

3100V for 5 sec. 

2000V for 5 sec. fired at 

2500V 

3100V for 5 sec. 

2000V for 5 sec. fired at 

2800V 

12 

mmmn", 



EED 
Types 

14. BA79E0 

15. D74B1 

16. T24E1 

Thermal Time Constant Dielectric 
(MS at no fire current level)  with standing voltage 

4 

3 

2 

3100V for 5 sec. 

2300V for 5 sec. 

2000V for 5 sec. 

EED 
Types 

1. MK 1 Mod 0 

2. MK 2 Mod 0 

3. MK 71 

4. GG20D3 

5. E-81 

6. E-108 

7. E-106 

8. SEM 

9. ARD-863-1 

10. MK 125 Mod 0 

11. CCU-l/B 

12. CM 351C 

Electrostatic Discharge Sensitivity 
(500PF capacitor charged to 25KV, 

5000 ohms series resistor)  

pin to pin: no fires, pin to case: no fires (based on 5 

samples) 

pin to pin: no fires, pin to case: 2 fires (based on 5 

samples) 

pin to pin: 3 fired at 5KV, 1 at 10KV, 1 at 25KV (all fired) 

pin to case: with 5000 series resistance, all 5 fired at 

5KV 

pin to Pin: 10KV 500n, 4 fired; 25KV 500, 1 fired; 20KV 

500QÜ,  1 fired; 25KV 5KQ, 4 no fired, pin to case: 5KV, 

5000Q, 5 of 5 fired 

pin to pin: no fires, pin to case: no fires 

pin to Pin: no fires, pin to case: no fires 

pin to pin: no fires, pin to case: no fires 

pin to pin: no fires, pin to case: no fires 

pin to pin: no fires, pin to case: not applicable (one 

pin is case ground) 

pin to pin: no fires, pin to case: not applicable (one 

pin is case ground) 

pin to pin: no fires, pin to case: not applicable (one 

pin is case ground) 

pin to pin: no fires, pin to case: 1 of 5 fired 

13 
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EED 
Types 

13. NEI-n 

14. BA79E0 

15. D74B1 

16. T24E1 

Electrostatic Discharge Sensitivity 
(500PF capacitor charged to 25KV 

5000 ohms series resistor) 

pin to pin: no fires, pin to case: 1 of 5 fired 

pin to pin: no fires, pin to case: 5 of 5 fired 

pin to Pin: 2 of 3 fired at 4KV; 1 fired at 6KV, pin to 

case: 3 of 3 fired at 3KV 

EED Types 

1. MK 1 Mod 0 

2. MK 2 Mod 0 

3. MK 71 

4. GG20D3 

5. E-81 

6. E-108 

7. E-106 

8. SEM 

Recommendation Regarding Use 

Not recommended because of its low firing current. 

Limited operational use, does not meet 1 watt-5 min. no 

fire criteria. 

Not recommended, the electrostatic discharge sensitivity, 

overall RF, and DC sensitivity are unacceptable, a suit- 

able substitute should be developed. 

Not recommended because of its relatively low initiation 

current, low RF power requirements, and general electro- 

static sensitivity. 

Not recommended because of its relatively low initiation 

current and relatively low RF power initiation. Use E-107 

1.6A/1W as a substitute. 

Not recommended because of its low RF power initiation 

threshold. Use E-107. 

Not recommended because of its low initiation current and 

relatively low power initiation threshold. Use E-107. 

The SEM is not an effective stray monitor device, it is 

too insensitive. In addition, at frequencies above 1000MHz, 

14 
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EED Types Recommendation Regarding Use 

i >■ 

8. SEM 
(continued) 

9. ARD-863-1 

10. MK 125 Mod 0 

11. CCU-l/B 

12. OM 351C 

13. NEI-11 

14. BA79E0 

15. D74B1 

16. T24E1 

it is nearly impossible to fire this device with RF powers 

of up to 5 watts. Investigation is underway to develop 

better stray energy monitor devices, project 56/0, task 

03 for ADC (ENVCC) Wright Patterson AFB, Ohio. 

Not recommended because it does not meet the desired 

1A/1W no-fire requirements desired by the USAF and rela- 

tively low RF power-firing threshold acceptable replace- 

ment cartridges are available (see USAF T.O. 11-1-34). 

Recommended. The MK 124 Mod 0 and MK 125 Mod 0 were de- 

veloped as substitutes for ARD 440-1 and ARD 863-1 (see 

T.O. 11-1-34). To maintain safety levels use shielded 

twisted pair leads to the cartridge. Although the car- 

tridge has a case ground, single line firing circuits 

with chassis ground returns should not be used. 

Recommended because they are highly resistant to acci- 

dential initiation. 

Not recommended because it does not meet the 1A/1W no-fire 

requirement desired by the USAF, and its relatively low RF 

power firing requirements. 

Recommended because it satisfactorily meets 1A/1W, 5 minute 

no-fire criteria but duds when 1.3A is applied. Therefore, 

the recommended firing current is 2 amperes minimum. 

Not recommended because of its relatively low DC and RF 

power firing thresholds. 

Not recommended because of its relatively low DC and RF 

firing thresholds. Also the electrostatic discharge 

sensitivity is unacceptable. 

Not recommended. The T24E1 was the most sensitive device 

tested. It should be replaced with the AGM-65A which is 

more resistant to Electromagnetic radiation (EMR). 
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Recommendations and Conclusions 

1. The EED's of the hot bridge variety are generic in nature, suf- 

ficient tests arid test procedures have been devised. However, 

retrofitting of sensitive devices used in systems is recommended, 

which should be apparent from the data summarized in this report. 

2. The test procedures recommended are those outlined in Technical 

Report ASD-TR-73-70, pp. 115-130 which are included as Appendix 

I of this report. 

In addition, it is recommended the acceptance tests. Table II 

p. 23, should include the transient pulse test and the electro- 

thermal follow test described on pages 4, 5, 6, and 7 of this 

report. The acceptance tests measurements should precede and 

follow each environmental test listed on page 8 . 

3. It is recommended that the RF impedance measurements are per- 

formed with a Hewlett Packard 8542A automatic network analyzer 

or equivalent as outlined in Technical Report ASD-TR-23-70, p. 

25 to p. 32 which is included as Appendix II of this report. 

4. Further consideration should be given to improvements in hot 

wire electroexplosive devices discussed in detail in Technical 

Report LA-5373-MS, by Richard M. Joppa. Particularly the feas- 

ibility of utilizing only secondary explosives thereby increas- 

ing safety margins in high RF and electrostatic environments. 
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APPENDIX I 

Suggested Procurement Specification for E1ectroexploslve Device 

1. Scope 

1.1. This specification covers the electrical ignition parameters 

of an electroexplosive ordnance device. The specification of the 

various parameters and requirement of performance tests are intended 

to lessen the possibilities of accidental initiation of the device, 

but to have it function reliably when the proper electrical firing 

energy is applied to it. This specification applies to the ordnance 

portion of the device only. Tests for initial qualification of the 

device are contained in Table I; Tables II and III contain required 

tests for subsequent lot acceptance testing, following qualification 

of the basic device. 

2. Applicable Documents 

2.1. The following documents, of the latest issue in Hn I. 

form a part of this specification to the extent specify. 

Specifications 

MIL-Q-9858 Quality Program Requirements 

MIL-I-23659 Initiators, Electric, Design and Evalyatluu .A 

Standards 

MIL-STD-202 Test Methods for Electronic and Electricßl 

Component Parts 

MIL-STD-1512 (USAF) Electroexplosive Subsystems, Electrically 

Initiated, Design Requirements and Test Methods 

Regulations 

49 CFR Interstate Commerce Commission Rules and Regulations 

Sec. 71-78 for the Transportation of Explosives and Other 

Dangerous Articles 
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3.  Requirements 

3-1- General. The electroexplosive devices (EEDs) shall meet the 

requirements specified in Tables I, II and III. 

3.2. Quality Program Requirements. The manufacturer shall 

establish a.quality program in accordance with MIL-Q-9858. 

3.3. Data Requirements. Information for the Technical Data Record 

Sheet, a copy of which is supplied with this specification, is to be 

complete. 

3.4. Marking. Each EED shall be marked or tagged with the manu- 

facturer's name or trademark, manufacturer's part number and/or model 

number, the lot number, and the date of manufacture (acceptance 

inspection). 

3-5- Dimensions. The dimensions of each EED shall conform to 

the specified drawing. 

3-6- Cleanliness. The exterior of the EED shall be clean and 

free from soldering flux, oil, grease, explosive matter, and other 

foreign matter. There shall be no visible blemishes on the surface 

of the actuators. 

3.7. DC Resistance. When measured as prescribed In 4.6.3, 

the dc resistance shall be within specified limits. 

3.8. Transient Current Test. When subjected to the transient 

current test as specified in 4.6.4, no EED shall show trace abnor- 

malities. Any abnormal EED shall be discarded and it shall be 

replaced by a new device. 

3.9. DC Function Time. When tested at 10 different current 

levels, the corresponding function times shall be recorded as 

specified in 4.6.5, This data will serve to establish interval 

estimates for the dc sensitivity requirement of 3.10. 

3.10. DC Sensitivity Test. As specified in 4.6.6, this test 

consists of a Bruceton method firing to establish median firing 

current value and to estimate no-fire and all-fire current levels. 
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3.11. DC No-Fire Sensitivity. As specified in 4.6.7, this test 

certifies the no-fire current level predicted in 3.10 (at 94.5« 

confidence) and, in conjunction with 3.12, verifies the one ampere/ 

one watt 5 minute no-fire, no-dudding requirement. 

3.12. DC All-Fire Sensitivity. As specified in 4.6.8, this test 

confirms the predicted all-fire point (at 94.5% confidence) from 3.10. 

3.13. Dielectric Withstanding Voltage. When the EEDs are tested 

as specified in 4.6.9, there shall be no flashover, breakdown, firing, 

or other physical damage or deterioration. 

3.14. Electrostatic Discharge Sensitivity. When tested as 

specified In 4.6.10, the EEDs shall not fire. 

3.15. Thermal Time Constant Determination. The thermal time 

constant of the EED shall be determined as specified In 4.5.11. 

3.16. RF Impedance Measurement. As specified In 4.6.12, the rf 

pln-to-pin and pin-to-case Impedance shall be measured and recorded. 

3.17. RF Sensitivity. As specified in 4.6.13, the EEDs shall be 

subjected to direct radio frequency stimuli and the rf sensitivity 

determined. The rf Impedance data from 3.16 will be used as a guide 

in frequency selection. 

3.18. Environmental Tests. If the EED electrical parameters are 

to be determined under various environmental conditions (temperature, 

shock, vibration, altitude, humidity, etc.) additional requirements, 

test procedures, and test specimens should be provided by the procur- 

ing activity. MIL-I-23659B (AS) may be utilized in structuring the 

desired environmental requirements and tests. 

4. Quality Assurance Provisions 

4.1. Classification of Tests. The inspection and testing of 

electroexplosive devices shall be classified as follows: 

a. Qualification Tests (see 4.2) 

b. Acceptance Tests (see 4.3) 

4.1.1. Additional Tests. Nothing shall prevent the manu- 

facturer from taking such additional samples and performing such 

additional tests as he may deem necessary or desirable to assure 
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conformance to the requirements of this specification. Additional 

tests may be conducted by the USAF to verify data submitted by the 

manufacturer. 

4.2. Qualification Tests. Qualification tests are tests performed 

at the discretion of the USAF to determine whether the components meet 

the requirements of this specification. 

4.2.1. Qualification Test Sample and Routine. The total test 

sample, consisting of 182 specimens, shall be subjected to the 

Group I tests and shall then be divided into Test Groups II through 

IV. The number of specimens in each test group and the order of 

testing shall be as indicated in Table I. If additional environ- 

mental tests are desired, the total test sample and group allocations 

should be increased accordingly. 

4.3. Acceptance Tests. Unless otherwise specified in the Purchase 

Order, the manufacturer is responsible for performing all the acceptance 

tests specified in 4.3.1 and 4.3.2. 

4.3.1. Screening Tests. The acceptance tests specified in 

Table II shall be performed in the order shown on a 100% screening 

basis. Defectives found during the 100% screening tests shall be 

eliminated from the lot and shall not be shipped. 

4.3.2. Sampling Tests. The acceptance tests specified in 

Table III shall be performed in the order shown on a sampling 

basis. Unless otherwise specified in the Purchase Order, the 

50 specimens that have been subjected to these destructive 

sampling tests shall not be included with the quantity shipped 

in fulfillment of the Purchase Order. 

4.3.2.1. Sample size. Each sample to be tested shall con- 

sist of 50 specimens selected at random and without regard to 

quality from each lot of 55 units or less. 

4.3.2.2. Production Lot. The manufactured lot shall con- 

sist of a sufficient number of units to supply both the test 

sample and the quantity ordered. Each lot shall be derived from 

the same manufacturer and shall consist only of units manufactured 

on one production line under essentially similar conditions and, 

so far as practicable, at essentially the same time. 

22 



•3 

■ 

•iß 

4.3.2.3. Lot Acceptability. The lot acceptability shall be 

determined in accordance with the acceptance number specified in 

Table III. If the number of failures exceeds the specified accep- 

tance number, the entire lot shall be rejected. 

4.3.3. Test Equipment and Facilities. The manufacturer may 

use his own or any other laboratory facilities approved by the USAF. 

The quality of the facilities and the accuracy of the equipment 

shall be sufficient to assure performance of the acceptance tests 

within the specified requirements. 
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Table I. Qualification Tests 

Test    Number of 

Group   Specimens Test 

Reference Paragraph 

Req.      Test 

I 182 Visual Inspection, Dimension Check     3.5, 3.G   4.6.2 

DC Resistance 3.7     4.6.3 

Transient Current Test 3.8    4.6.4 

II 10 

50 

5 

10 

10 

DC Function Time Test 

DC Sensitivity (Mean Firing Level) 

DC No-Fire Sensitivity 

DC No-Fire Sensitivity 

DC All-Fire Sensitivity 

3.9 

3.10 

3.11 

3.11 

3.12 

4.6.5 

4.6.6 

4.6.7a 

4.6.7b 

4.6.8 

III 5 

5 

2 

Dielectric Withstanding Voltage Test 

Electrostatic Discharge Sensitivity 

Thermal Time Constant Determination 

3.13 

3.14 

3.15 

4.6.9 

4.6.10 

4.6.11 

IV 5 

80 

RF Impedance Measurement 

RF Sensitivity 

3.16 

3.17 

4.6.12 

4.6.13 

Environmental Tests as Desired 
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Table II. Acceptance Tests (100 Percent Screening) 

Number of 

Specimens Test 

Reference Paragraph 

Req.       Test 

All Visual Inspection 3.5 4.5.2 

DC Resistance 3.7 4.6.3 

Transient Current Test 3.8 4.6.4 

Table III. Acceptance Tests (Sampling Basis) 

Sample 
Size Test 

Reference Paragraph Acceptance 
Req.   Test    Number 

10 DC No-Fire Sensitivity 3.11 4.6.7b 0 

10 DC All-Fire Sensitivity 3.12 4.6.8 10 

20 RF Sensitivity 3.17 4.6.13 0 

5 Dielectric Withstanding Voltage 3.13 4.6.9 0 

5 Electrostatic Discharge 3.14 4.6.10 0 

4.4. Certification. The manufacturer shall certify with each 

shipment that the EEDs have been subjected to the specified acceptance 

tests and have met the requirements. 

4.5. Data Submittal. The manufacturer shall supply complete 

drawings to the USAF. A detailed description of the materials used in 

the construction of the EEDs shall be included in the manufacturer's 

drawings or shall be submitted separately. All data required by the 

EXPLOSIVE COMPONENT TECHNICAL DATA RECORD will be supplied. 
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P/N   
Contractor 

EXPLOSIVE COMPONENT TECHNICAL DATA RECORD 

_System Designation 

a   i 

2. Federal Stock Number (if available ) 

3. Contractor (Supplier to Air Force) 

a. Part No. Drawing   

b. Spec. No.  

4. Source/Vendor and Address 

a. Part No. Drawing 

5. Function/Used on Drawing 

Hazard Classification 

a. Contractor Recommended Q-D Class 

(Contractor) 

(Manufacturer) 

(Per AFM 127-100) 

b. Contractor Recommended Compatibility Group 

c. Contractor Recommended Fire Symbol 

d. Del Class 

(Per AFM 127-100) 

(Per AFM 127-100) 

(Per Bu of Exp or T.C.6. Tariff 15) 

e. DoT Shipping Name 

26 
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f. Fuze 

(1) Time 

(2) Mechanical 

(3) V.T. 

(4) Chemical 

7. How shipped: Shipping Container Drawing No. if available 

(WoodT Steel, Box, Crate, Drum, Skidded, etc.) 

a. Qty. Items per Inner Shipping Container   

b. Qty. per Outer Shipping Container (If Applicable) 

Size of Unpackaged Component (Inches)  

Weight of Component (less Package)   

10. Explosive, Pyrotechnic, or Propellant Composition and Makeup of 

Part 

a. Formulation Percent, Quantity, or Ft 

Ignition (primary):    

Booster (secondary): .  

Other: 

b. Net Explosive Weight/Part or Device  (pounds) 

c. Makeup of Assembly (Quantity and Type or Model) 

Squib  

Detonator  

Delay  

Other 
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d. 

e. 

Does ignition charge contain metal additive? 

Is conductive mix present?    If so, in which part of ex- 

plosive device?   

What is conductivity of mix (mhos/cm)? 

11. How Initiated (circle one) 

a. Electric 

b. Stab 

12. Electrical Characteristics: 

a. Max No Fire (Current) 

b. Min All Fire (Current)_ 

c. Maximum Test Current 

d. Mean Firing Current   

e. Mean Firing Energy   

f. Bridgewire Resistance 

Bridgewire Material 

c. Percussion 

d. Delay 

Amps    Watts Time 

Amps    Watts _Jime 

Amps for     Time 

Amps 

Watt-seconds (Joules) 

ohms 

Bridgewire Temperature Coefficient of Resistance 

g.    Part Receptacle Mates with Plug 

h.    Pin Data Firing Circuit 

]  I 

(Notes: Show per numbers or letters. Resistance [Min Max] values 

as measured at receptacle pins.) 

13. Hazard Classification in Accordance with TO 11A-1-47 was ac- 

complished by (state whether by 

testing or comparative analysis). 
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14. Personnel Hazard 

15. Additional Remarks 

16. Storage Limits 

a. Storage Temperature Limits   to  0F 

b. Storage Humidity Limits   to   RH 

17. Test Document   

18. The following documents will accompany these technical data (all 

documents will be submitted in triplicate unless otherwise 

indicated) 

a. For item 13 above: Report Form No. 1, Hazard & Stability 

Test required for DoT classification, dated 1 May 1962 (see 

TO 11A-1-47) or background data package used to establish 

hazard classification by comparative 

analysis. Seventeen copies per data record. 

b. Detail drawings of component showing dimensions, installa- 

tion adaptions, explosive constituents, and electrical schematic 

where applicable. Reduction to 11 x 17 or 8-1/2 x 11 inches 

is preferred. 

c. Descriptive drawing of storage or shipping container. 

d. Bureau of Explosives of DoT correspondence assigning 

I I approved DoT class and shipping name. 
i I 

I I e. Component Specifications. 
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19.    Bridgewire thermal  time constant (at fire current rating) 

20.    Dielectric Withstanding voltage rating volts, 

21. Electrostatic discharge rating volts based on 

discharge from 500 pf capacitor in series with 5000 ohms, 

22. RF impedance data 

pin-to-pin Smith Chart attached? 

pin-to-case Smith Chart attached? 

resistance versus frequency? 

23. RF sensitivity data: 

Frequency Power to fire (watts)   Modes (p-p or p-c) 

i   I 
24. Known pulse sensitivities (p-p, p-c): 

25. Function time versus current 

Is plot of function time versus current on LOG-LOG plot attached? 

26. General: Are there special features in the explosive portion 

of this device worthy of note? (Thin film bridge, arc- 

resistant construction, only secondary explosives, bridgewire 

pin-case ground, etc). 
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i Unless otherwise specified, 

4.6. Methods of Examination and Test. 

4.6.1. Standard Test Conditions 

all measurements and tests shall be performed under the following 

ambient conditions: 

Temperature 

Pressure   

Humidity   

25° ± 50C 

30 ± 2 inches of mercury 

75% maximum 

Test equipment shall be attached to the EED lead wires at a distance 

of approximately 0.3 inch from the actuator case. 

4.6.2. Visual Inspection. The EEDs shall be inspected to 

verify that the physical dimensions and marking conform to the 

applicable requirements. The EEDs shall also be inspected for 

cleanliness and for surface blemishes. (See 3.5 and 3.6.) 

4.6.3. DC Resistance. The EEDs shall be tested in accord- 

ance with Method 201 of MIL-STD-1512. The mean, standard deviation, 

and 3 sigma deviation resistances shall be computed. In addition, 

pin-to-case resistances will be measured (on all EEDs where pin- 

to-case resistance differs from pin-to-pin resistance). Pin-to- 

case resistance shall be 5 megohms or greater. (See 3.7.) 

4.6.4. Transient Current Test. The EED shall form one of 

the legs of a wheatstone bridge circuit with an applied square 

wave current pulse as described in NASA JR 32-1494 "Nondestructive 

testing of insensitive electroexplosive devices by transient 

techniques," Jet Propulsion Laboratory, July 1970 or in IEEE 

Transactions on Instrumentation & Measurement, "Electrothermal 

Measurements of Bridgewires Used in Electroexplosive Devices," 

June 1965. A peak current not to exceed 0.4 of the no-fire value 

shall be applied. The period of the ON current pulse shall be 50 

milliseconds, with 50 millisecond cooling periods between pulses. 

The bridge shall be approximately balanced by adjustment of the 

variable resistor in the bridge leg opposite the EED. The result- 

ing oscilloscope pattern should display a smooth trace. Irregular 

traces during the heating portion of the cycle are indications of 

bridgewire-explosive deficiencies and shall be cause for rejection 

of the unit being tested. (See 3.8.) 
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4.6.5. DC Function Time Test. This is a dc test of the 

normal firing mode (pin-to-pin) of an electroexplosive device. 

Test data will be plotted on LOG-LOG paper with constant current 

value as abcissa, function time as ordinate. Function time will 

be taken as that time when the explosive reaction is observed to 

start as indicated by a rapid increase in the EED pin-to-pin volt- 

age (caused by chemical heating of the bridgewire) when observed 

on an oscilloscope photograph. Applied constant current levels 

should begin near the expected mean firing point and be varied 

with subsequent test items as necessary to get a representative 

spread of points on the LOG-LOG plot between expected no-fire and 

all-fire current values. (See 3.9.) 

4.6.5. DC Sensitivity (mean Firing Level) Test. This test 

shall be conducted using a constant current source in the standard 

Bruceton manner (for procedure see NAVORD Report No. 2101, or 

Applied Mathematics Panel, National Defense Research Committee 

AMP Report No. 101.R SRG-P No. 40 "Statistical Analysis for a New 

Procedure in Sensitivity Experiments" or NASA-TM-X-64491, "A Guide 

for the Application of the Bruceton Method to Electroexplosive 

Devices," F. M. Speed, Sept. 1, 1966). Use the data from 4.6.5 to 

estimate stimulus increments. Compute the median firing current 

level (m), the no-fire level (m-2.58a), and the all-fire level 

(m+2-.58a) to a reliability of 0.995 at a 95% confidence level 

unless other reliability and confidence levels are specified. 

Using the no-fire units (which will be approximately one-half 

the sample, for a properly conducted test), conduct another 

Bruceton test with small increments around the median. Compare 

the "no-fires" median with the original median to see if pre- 

conditioning appreciably changes the median firing value, 

(see 3.10.) The median current level should be indicated on the 

function time-current plot generated in 4,6.5. 
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4.6.7. DC No-Fire Sensitl nty. (a) The first 5 EEDs of the 

sample shall be tested in accordance with method 202 of MIL-STD- 

1512. In the event that IM no-fire current rating is less than 

ISH 1 A, apply the no-fire current for a minimum of five minutes. If 

the device fires, the no-fire level computed in test 4.6.6 is too 

high (a common shortcoming of extrapolating Bruceton data to 

extremes of the distribution) and a lower value should be tried. 

A 10% lower value should be selected and the process repeated 

until a satisfactory no-fire current level which can be endured 

for 5 minutes is selected. 

When the true no-fire 5 minute level is selected, the remainder of 

the first 5 units should be so exposed. These units should then 

be subjected to the all-fire current level (with firing anticipated) 

to ensure that the no-fire 5 minute test was not a cause for fail- 

ure or dudding (see 3.11). (b) The objective of this test is to 

verify the 94.5% confidence level placed on the no-fire current 

initially estimated in 4.6.6 and refined in 4.6.7. The "trut" 

no-fire current level selected in 4.6.7a should be applied 

successively to 10 EEDs for 5 minutes each and none should fire, 

fail or dud. As in 4.6.7a, if a firing or failure occurs, the 

no-fire rating should be adjusted downward until 10 units can be 

successively tested without a failure. The no-fire level should 

be indicated on the function time plol: generated in test 4.6.5. 

4.6.8. DC All-Fire Sensitivity. The purpose of this test 

is to verify the 94.5% confidence level at the all-fire current 

stimulus predicted by the Bruceton test of 4.6.6. Successively 

subject each of the 10 EED specimens to the all-fire current 

level. If all 10 fire, the test is complete. If any fail to 

fire, the all-fire current level must be revised upward until 10 

EEDs fire successively. An average function time for the all-fire 

current level should be computed. This point (and associated all- 

fire current) should be indicated on the function-time-current plot 

generated in test 4.6.5 (see 3.12). 

■- ■H 
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4.6.9. Dielectric Withstanding Voltage. The EEDs shall be 

tested in accordance with Method 301 of MIL-STD-202. The following 

details shall apply (see 3.13). 

(a) Magnitude of test voltage: 2000 ± 100 volts dc 

(b) Duration of test voltage: not less than 5 seconds 

(c) Points of application of test voltage: Between 

the wire leads shorted together and the body of 

the EED. 

^■6'10- Electrostatic Discharge Test. The EEDs shall be 

tested in accordance with Method 205 MIL-STD-1512, except that only 

5 specimens are required and no statistical methods are required. 

Firing of any device in any mode in this test constitutes failure. 

The 5 units should each be tested pin-to-case and then re-tested 

pin-to-pin and bridgewire-to-bridgewire (if applicable). Points 

of application of test voltage in the pin-to-case test are between 

the wire leads shorted together and the body of the EED. Normal 

firing with all-fire current level applied should then be 

confirmed (see 3.14). 

4.6.11. Determination of Thermal Time Constant. Refer to 

test 4.6.4. The same equipment and technique is to be utilized 

except that the peak current will be equal to the no-fire current 

level determined in 4.6.7b and resistors R2, R,, and capacitance 

C« will be adjusted as described in the referenced articles. 

/ R2  \ 
Record t (the heating time constant) = [^—^"D

-
) (Rp^V 

and T (the cooling time constant) = R^Cp 

Note that a bridgewire with a non-zero temperature coefficient 

of resistance (a) is required for this test. The square wave 

generator frequency shpuld not exceed 1/10T (see 3.15). 

4.6.12. RF Impedance Measurement. The pin-to-pin and pin- 

to-case (between one lead and the body of the EED, with the other 

lead floating) impedance of the EED will be measured as in method 

204 of MIL-STD-1512. 
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Leads should be kept as short as possible (0.3 inch or shorter). 

Measurement on a Hewlett-Packard 8542A automatic network analyzer 

or similar equipment is preferred. Frequencies between 100 MHz 

and 8 GHz shall be used unless otherwise specified. At least 100 

MHz increments from 100 MHz to 1 GHz and 200 MHz increments from 

1 GHz to 8 GHz are required. Plot the results for each EED on a 

standard Smith Chart. Plot the mean values separately on a 

standard Smith Chart. Separates plots of reactance and vector 

impedance are not required. Plot the mean resistance (real part 

of impedance) in,terms of VSWR (referred to 50 ohms) on semi-log 

paper versus frequency. This plot will be used in selecting test 

frequencies for 4.6.13 (see 3.16). 

4.6.13. RF Sensitivity. Test the rf cw sensitivity of EEDs 

in accordance with method 207 MIL-STD-1512, except that only 80 

(single bridgewire) EEDs and 4 frequencies are required. For the 

pin-to-pin mode, select 4 frequencies from the resistance versas 

frequency plot which show the lowest VSWR and which give a rea- 

sonable cross-section of test results across the frequency 

regions of interest. Some minor frequency tuning about these 

frequencies should be accomplished to achieve the best match. 

(Note: those frequencies chosen will normally be where the 

Smith Chart plot crosses the R= 50 ohm contour.) For the pin-to- 

case mode, test at those 4 frequencies selected for the pin-to- 

pin mode. The pin-to-case connections are to be between one 

bridgewire and the body of the EED, with the other lead floating. 

No statistical analysis is required. If the EED proves to be 

highly rf sensitive (when net rf power is compared with dc mean 

power), contact the procurement agency for further instructions. 

For acceptance testing, only the single most sensitive frequencies 

in pin-to-case and pin-to-pin mode need be tested. A test 

equipment setup similar to that shown in Figure 4.6.13-1 (below) 

is required. 
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5. Preparation for Delivery 

5.1. Preservation and Packaging. The actuators shall be preserved 

and packaged in accordance with the requirements of the code of Federal 

Regulations, 49 CFR, sections 71 through 78. 

5.2. Package Marking. The actuator containers shall be marked in 

accordance with the requirements with the Code of Federal Regulations, 

49 CFR, sections 71 through 78. In addition, the containers shall be 

marked with the manufacturer's name, or trademark, the manufacturer's 

part number, and the lot number. 
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APPENDIX II 

FREQUENCY CONSIDERATIONS 

1. General 

In considering the response of EEDs to rf at various frequencies, 

an essential piece of information is the impedance (or admittance) 

characteristics of the EED as a function of frequency. Without such 

information one can hardly predict response of the device at various 

frequencies. Stating the problem in a different fashion, EEDs may be 

test-fired at various frequencies but such test data gives character- 

istics only of the test item. An analytical basis is the foundation 

for any test program if the results are to be extended to other items. 

The following circuit model is presented to illustrate the 

significance of EED frequency information: 

source IED 

JX E£D 

"EED 

The well-known maximum power transfer condition for the above circuit 

occurs when Z    = Zicn where * indicates conjugate. For example, 
source  EED 

if the source impedance at some frequency were 3 ohms resistance and 

10 ohms inductive resistance (3 + jlO), then maximum power would be 

dissipated in the resistive part of the EED if and only if the EED 

impedance were 3 - jlO (3 ohms resistance and 10 ohms capacitive 

reactance). To further illustrate the applicability of this model 
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to the physical situation, a half-wave dipole antenna may be modeled 

as follows (at exactly the resonant frequency): 

V = E(he) 

! _ 

At frequency of resonance, the antenna has a source resistance of 

72 ohms (resistive) and an induced voltage (assuming maximum ideal 

coupling) which is proportional to the strength of the sinusoidally- 

varying electric field E, multiplied by the effective height of the 

antenna, which is - meters for a dipole. 

In an electric field of 200 V/m and a frequency of 750 MHz, this 

antenna has a theoretical maximum induced voltage of ^  Urnv = 25.5 3     IT (750) 
volts. (Note that the induced voltage increases as frequency decreases.) 

If the leads from a Mk 2 EED were each 10 cm in length and were 

formed into a dipole: 

20 cm 

L_x 3 

and were exposed to an electric field of 200 V/m and 750 MHz, would 

the EED fire? 

0OO. 
X/2 = 20 cm = 0.2 m, A = 0.4m, f = ff 750 MHz 

The leads form a half-wave dipole resonant at 750 MHz, so the 

circuit model is: 

v:: 
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25.5 volts 
f = 750 MHz 

EED 

i 

If the EED impedance were 72 ohms resistive, 2.26 W could be delivered 

to the EED and firing would be likely (assuming all the available power 

was delivered to the bridgewire). (An average dc power of approximately 

0.4 W is required for firing.) If, however, the EED impedance were 

1 + j75 ohms, the power delivered to the EED resistance would be only 

60 mW and firing would not occur. Thus EED impedance information is 

essential. 

The need for nondestructive impedance characterization of EEDs 

(both pin-to-pin and pin-to-case) was recognized by LASL engineers 

before work on this project began, and action was taken to procure a 

Hewlett-Packard Model 8542A Automatic Network Analyzer to provide 

the needed measurements. Although it is highly useful in other 

measurement applications, the HP8542A was primarily committed to the 

EED program. Manpower savings, as well as accuracy, repeatability, 

and nondestructive characterization were prime requisites in the 

decision to purchase this piece of equipment. 

Output data is presented in four forms from the LASL HP8542A: 

• Teletype page printer output 

• Punched paper tape 

• Oscilloscope tube display, which may be photographed 

• Automatic x-y plotter, which reproduces the oscilloscope display. 

The frequency range covered by the HP8542A is from 100 MHz to 18 GHz. 

Measurements are, of course, limited by fixture accuracy. As a result, EED 

measurements were typically limited to an upper frequency of 8 GHz. Some of 

the rf safety-containment fixtures developed for EED characterization use 

with the HP8542A. 
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Lubbock, TX  79417 

TRW Semicond (R. Clarke, Tech 
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1 Lockheed M&S Co.  (Tech Lib) 
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(Maj Nielsen, AFWL/ELA) 
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